Inhibition of the biosynthesis of uroporphyrinogen and heme in rat liver during obstructive jaundice produced by bile duct ligation.
Altered hepatic microsomal drug metabolism has been reported to occur in afflicted with hyperbilirubinemia. Similarities of the chemical structures of hydroxymethylbilane, an intermediate in the biosynthesis of uroporphyrinogen, to bilirubin prompted investigations of the effect of bilirubin on the activity of uroporphyrinogen I synthase (porphobilinogen deaminase, EC 4.3.1.8) and the biosynthesis of heme. Bilirubin was found to be a reversible, noncompetitive inhibitor of uroporphyrinogen I synthase. The inhibition constant (Ki) for bilirubin was 1.5 microM. Bile acids had no effect on rat hepatic uroporphyrinogen I synthase activity. Hyperbilirubinemia was achieved in rats by biliary ligation in order to investigate whether elevated levels of bilirubin impair the biosynthesis of hepatic heme in vivo. The relative rate of heme biosynthesis, as measured by the rate of incorporation of delta-[4-14C]aminolevulinic acid into heme, was decreased 59% 24 h after biliary obstruction. The levels of hepatic microsomal heme and cytochrome P-450 were decreased by 43 and 40%, respectively, 72 h after biliary obstruction. The activities of hepatic delta-aminolevulinic acid synthase and uroporphyrinogen I synthase were increased by 39 and 46%, respectively, 72 h after biliary obstruction. During the 48- to 72-h period following biliary obstruction, the urinary excretion of porphobilinogen and uroporphyrin was increased 3.0- and 3.5-fold, respectively, whereas, the urinary excretion of delta-aminolevulinic acid was not altered. During this 48-to 72-h time interval following biliary obstruction, 100% of the uroporphyrin was excreted as isomer I. These results indicate that bilirubin is capable of depressing the biosynthesis of rat hepatic heme and thus cytochrome P-450-mediated drug metabolism by inhibition of the formation of uroporphyrinogen. These findings are a plausible mechanism for reports of impaired clearance of various drugs in patients afflicted with hyperbilirubinemic disease states.